Single crystals of the Bi-Ca-Co-O system have been grown using the flux method with cooling 
I. INTRONDUCTION
The first cobaltite Na x CoO 2 exhibiting large TEP (S ∼ 100 µV/K at room temperature) as well as low electrical resistivity was discovered by Terasaki et al. in 1997 [1] .
Since then, the misfit cobaltites have also been thought to be the potential candidates for thermoelectric applications. The crystal structure of the misfit cobaltites consists of alter- [4, 5, 6] . Bi 3+ seems to be the most beneficial to be included in these cobaltites in terms of the thermoelectric figure of merit (ZT = S 2 T /ρκ, S,ρ and κ are TEP, electrical resistivity and thermal conductivity, respectively) and is now used in the development for oxide-based thermogenerators [7] . been reported in polycrystalline Sr-Bi-Co-O system, where the major phase is n=3 layerbased cobaltite [6] . The XRD pattern of crystal 2 shows that the dominated phase is n=4.
The ICP-AES gave the actual composition for crystal 2 to be Bi : Ca : Co = 1.40 : 2.37 :
The electron diffraction (ED) patterns are shown in Fig. 3 for the crystal 1 and crystal 2.
In with that of the hexagonal layer (a RS ≈ √ 3a H ), being consistent with previous report in polycrystalline sample [13] . Therefore, the structural formula of the crystal 1 can be written
69 . Fig.3b shows similar main ED pattern for crystal 2 to that observed in crystal 1 shown in Fig.3a . It gives the same in-plane lattice parameters of RS and hexagonal layers. In Fig.3b , there are satellite reflections along b * direction, in contrast to the ED pattern for crystal 1, which shows no satellite reflections as shown in Fig.3a . Because the XRD patterns of the two single crystals have shown that crystal 1 is pure n=4 phase, while crystal 2 is intergrowth of n=4 and n=3 phases, therefore, the satellite reflections should come from the modulation structure in n=3 phase. Superposition of the main reflections is consistent with almost the same in-plane lattice parameters between two compounds. Actually, the misfit ratio ( enhanced and the same misfit ratio could be obtained as that in crystal 1 [8] .
The intergrowth of the n=3 and n=4 phases in Bi-Ca-Co-O system arises from the thermodynamical competition for the two phases. Pure single crystal of the n=4 phase can be grown with cooling the melting solution from 900
• C, while single crystal intergrowth of n=3 and n=4 phases can be obtained with cooling the same melting solution from 950 • C. It definitely indicates that the single crystal of n=3 phase can be grown only above 900
The melting solution was slowly cooled from 950
• C, the single crystal of n=3 phase starts to grow. When the melting solution was cooled to below 900 • C, the n=4 phase is thermodynamically more stable than the n=3 phase. Therefore, the single crystal of n=4 phase begins to grow with the n=3 phase. In addition, the two phases have the same lattice parameters in plane, which provides a condition for the epitaxial intergrowth of the two phases. This is possible intergrowth mechanism for the n=3 and n=4 phases in Bi-Ca-Co-O system.
B. Physical Properties
Temperature dependence of the in-plane resistivity for crystal 1 and 2 is plotted in Fig.   4 . [11, 12] . ρ ab shows metallic behavior (dρ/dT > 0) at high temperature and exhibits a minimum at 156 K and 206 K for crystal 1 and crystal 2, respectively. These temperatures corresponding to the minimum of ρ ab (T min ) are much higher than those observed in [Ca Temperature dependence of the in-plane TEP is shown in the Fig.6 [11, 14] . This is consistent with the weaker metallicity in Bi-Ca-Co-O system inferred by Fig. 4 [15] . The result for cobalt ions in low spin state is that the TEP depends on the fraction of holes, x =Co 4+ /Co, according to the expression derived from the generalized Heikes formula
where k B is the Boltzmann constant and e is the charge of electron. From this formula, system is different from the case of the Sr-based system [6] , in which the intergrowth of n=3 and n=4 phase enhances the TEP but reduces the resistivity relative to the pure n=3 phase.
Nevertheless, relative to pure n=3 phase, the power factor is enhanced by the intergrowth of n=4 and n=3 phase in Ca-and Sr-based system. It seems that the n=4 component plays the major role in the transport properties in the single crystal with intergrowth of n=4 and n=3 phase. 
